Background: In Myanmar, HIV seropositive children are being enrolled in an integrated HIV care (IHC) Program for HIV treatment and care since 2005. Objectives: To assess the: (a) attrition (death or loss-to-follow-up) rates among children (aged ≥ 18 months to < 15 years) enrolled into the programme before and after initiation of antiretroviral therapy (ART) (pre-ART and ART periods); (b) demographic and clinical factors associated with attrition during these two periods. Methods: Children enrolled in IHC Programme and their status (death, lost to follow-up, regular follow-up or transferred out) was assessed as on 30 June 2017. Attrition rates (per 100 person-years) at pre -ART and ART periods were calculated and the association between demographic and clinical characteristics with attrition was assessed using Cox proportional hazards model. Results: Among 2,736 children enrolled, pre-ART attrition rate was 19 per 100 person-years of follow-up (95% CI: 17-21) and ART attrition rate was 4 per 100 person-years of follow-up (95% CI: 3-4) with higher levels during the initial few months of enrolment. The 36-month retention rates during pre-ART period was 75% (95% CI: 72-78) and during ART period was 87% (95% CI: 86-88). The children 'at enrolment' with relatively lower levels of haemoglobin, immune deficiency, underweight for age, higher WHO clinical stages, presence of hepatitis B infection had higher hazards of attrition in both periods. Conclusion: The attrition rates are high particularly among children with relatively poorer clinical, nutritional profiles at enrolment. The study suggests the urgent need for improving adherence counselling especially during the initial few months of enrolment and early ART initiation.
Background
Globally, 2.1 million children aged < 15 years were living with Human Immunodeficiency Virus (HIV) in 2016 and among them 120,000 experienced AIDSrelated death [1] . Early detection of HIV infection, linking and retaining them on anti-retroviral therapy (ART) is essential for reducing the morbidity and improving survival. However, globally only 43% of children living with HIV received ART in 2016 [2] and the attrition (loss to follow-up and/or death) of children on ART is higher in resource limited settings when compared to developed countries [3, 4] . Many studies in Africa and Asia have shown that it is challenging to enrol and retain paediatric patients on ART care [5] [6] [7] . A study from South Africa showed that only 71% of HIV-positive infants were linked to HIV care [8] . A systematic review on children living with HIV showed that on an average the 36-month retention on ART was 66% in Africa and 74% in Asia [9] . This systematic review highlighted that there was limited data from Asia region and pointed out that there was no data from Myanmar, the country with one of the largest HIV burden in South-East Asia.
Myanmar has a concentrated epidemic of HIV. The HIV prevalence rate in the general population in 2016 was 0.53% (~230,000 persons) [10] . Of these, it was estimated that 9,300 were children aged < 15 years of which 7,300 were receiving ART [10] . The Integrated HIV care (IHC) programme in Myanmar started in public sector in collaboration with Ministry of Health and Sports, National AIDS Programme and, National Tuberculosis Programme has been providing comprehensive HIV care for both adults and children since 2005. By the end of 2016, the IHC programme had enrolled more than 38,000 adults and 3,000 children for HIV care.
A couple of studies using adult HIV seropositive patient data (aged ≥ 15 years of age) from IHC programme have shown that the attrition rates in pre-ART care and ART care is 32% and 16%, respectively (5-year cohort analysis with 13.7 months median duration of follow-up) [5, 11] . Compared to these results, private sector adult ART cohort in Myanmar had a relatively higher attrition rate of 20% during 5-years follow-up [12] . A study conducted on a cohort of adult patients receiving ART from general practitioners showed that~12% of patients were dead or loss to follow-up at 13 months median duration of follow-up [13] . However, pre-ART and ART attrition/retention rate in children have not yet been systematically analysed.
Therefore, in this study we assessed the attrition rates and factors associated with attrition among children (aged ≥ 18 months to < 15 years) enrolled for HIV care since the inception of IHC programme from 2005 to June 2016. The specific objectives of our study were to: (a) describe the demographic and clinical characteristics of children enrolled; (b) retention rates during pre-ART care and ART care at 12, 24, 36, 48 and 60 months after enrolment; and (c) to assess the association between demographic and clinical factors and attrition during pre-ART and ART care periods.
Methods

Study design and study population
This was a retrospective cohort study on children (aged 18 months to < 15 years) living with HIV enrolled under the IHC programme from January 2005 to June 2016. Children aged < 18 months were excluded because we could not ascertain their HIV status in our database. This is because, children born to mothers with HIV are also enrolled in this program irrespective of whether they are HIV seropositive or not. Their HIV seropositive or negative status is declared at the age of 18 months and therefore including children aged < 18 months would have resulted to including children who were HIV seronegative in our study which we wanted to avoid.
Study setting
Myanmar is a low middle-income country (World Bank, 2015) [14] located in the south-east Asia region with the population of 51 million (2014 National Census) [15] with 25% of people living below < USD 2 per day. Also, Myanmar is one of the highest HIV burden country in South East Asia after India, Indonesia and Thailand [16] . HIV was first detected in 1988 and the HIV epidemic is concentrated in people who inject drugs, men who have sex with men, female sex workers and their clients/partners. However, due to the spread of infection from these high risk groups to the general population, approximately 9,300 children have been estimated to have been infected and living with HIV with~7,300 children receiving ART in 2016 [10] .
IHC programme
The NAP together with The Union has been implementing the IHC programme within the public-sec- At enrolment, children were assessed for ART eligibility and ART were provided to children as per the prevailing national guidelines at the various time periods 2005-2010, 2010-2014, 2014-2016 as shown in Table 1 [17] [18] [19] . In addition, children were also assessed for TB and other opportunistic infections, baseline CD4, nutritional status, haematological parameters and WHO clinical staging. If the children were not eligible for ART, then they continued in pre-ART care with periodic follow-up once and then progressively increased to once every 3/6 months as determined by the clinician/paediatrician at the IHC clinics. During each follow-up visit, children were assessed for opportunistic infections and ART eligibility. If the children were eligible for ART either at enrolment or during the subsequent followup visits, they were initiated on ART therapy (using one of the standard recommended regimens based on clinical status of the child) [17] [18] [19] . After ART initiation, they are initially followed up once every 2 weeks in the initial period and then progressively increased to once every 3/6 months if the patient is stable on ART. During each follow-up visit, children were assessed for their clinical status, drug adherence, opportunistic infection, nutritional status, CD4 count and other haematological parameters.
Adherence support systems offered to children by IHC: Children or their care givers were counselled about the importance of adherence by the paediatrician, medical social worker and peer counsellors. If children did not have a family care giver, they were enrolled as an orphan in an orphanage. During follow-up period, if children did not visit the IHC centre on the scheduled visit date, peer network counsellors traced the patients by phone calls and/or home visits and motivated them and their care givers to continue ART care. IHC also provided psychosocial support counselling, disclosure counselling and life skills trainings and also organised yearly fun fairs for children enrolled into the IHC program.
Recording and reporting systems in the IHC programme
All enrolled children were assigned a unique IHC code and a hard copy of the medical record was maintained in a confidential and secure environment. All data in the hard copy (including follow-up visits) was entered into an electronic database (Excel and IUATLD epi-concept database) at each of the IHC ART centres.
Four primary program outcomes are recorded for each child in their medical records and electronic database: (a) regular follow-up -if the child is alive and under care at the last follow-up date or censoring date; (b) lost to follow up -if the child has missed scheduled visit for ≥ 90 days; (c) died; (d) transferred out -if the child was moved out permanently from IHC program to other service providers.
Study outcomes
All eligible children enrolled between January 2005 and June 2016 were assessed for one of following two study outcomes at the end of study period (date of censoring = 30 June 2017).
a. Retention -children who are alive and are on follow-up (or on ART) in IHC program at the end of study period, children who were transferred out. b. Attrition -children who were lost to follow-up or have died.
Study period, data collection and variables
The study was conducted between March and December 2017. We used the data collected in the IHC program electronic databases to address the various objectives of the study. The variables collected included IHC code, date of enrolment, ART start date, program outcomes, outcome date, gender, and enrolment values for age, weight, height, haemoglobin, CD4 cell count, WHO clinical stage, history of receiving ART before coming to IHC site, hepatitis B virus infection, and the ART regimen.
Data analysis and statistics
All statistical analysis has been done in STATA (version 12.1 STATA Corp., College Station, TX, USA). Based on the variables collected, we derived the following additional variables: (a) Pre-ART time period -date of enrolment to the date of outcome or date of ART initiation (whichever was earlier); (b) ART time period -date of ART initiation to date of outcomes/ censoring (whichever was earlier); (c) nutritional status (underweight, normal and overweight) from weight, height, age using weight for age Z scores if age< 60 months and BMI if age ≥ 60 months [20] [21] [22] d) immunological status into no, mild, advanced, severe immunodeficiency based on absolute CD4 Cell count (if age > 60 months) or on CD4 Cell percent (if age< 60 months) [23] ; (e) anaemia status into no, mild, moderate and severe based on haemoglobin values using the WHO recommended anaemia classification system in children. Whenever data were missing for the above variables, we created a separate category/value and used it in our analysis. We have summarised the demographic, clinical characteristics using numbers and proportions. For calculating the attrition rates during pre-ART care and ART care, we have included in the numerator all those children who had an attrition defining event and in the denominator, we have included the sum total of all the individual pre-ART periods and ART periods, respectively. The pre-ART & ART attrition rates are expressed as number per 100 person years on pre-ART or ART care. We have also calculated the retention (converse of attrition) rates separately at 6, 12, 24, 36 and 60 months using life table method.
We have quantified the independent association between documented demographic and clinical factors and attrition by estimating unadjusted and adjusted hazard ratios using Cox proportional hazards model. We have assessed for the violations of the proportionality assumption using by using the Schoenfeld and scaled Schoenfeld residuals (stphtest command in Stata). We have also provided the smoothened graphs of the hazard function derived using Cox proportional hazards models for the pre-ART and ART attrition to describe the hazard function for the time periods.
Results
A total of 2,736 children were enrolled into the IHC program and number of patients included in the different analyses and their outcomes are given in the figures Figure 1 . The demographic and clinical characteristics of this cohort is given in Table 2 .
Attrition during pre-ART period
Of the 2,736 children enrolled, 144 (5%) children were already on ART at the time of enrolment and were continued on ART. Therefore, they were ineligible for pre-ART attrition. The remaining 2,592 children contributed a combined total of 633,563-person days of pre-ART follow-up time period (median 42 days; range 1-3,514 days). During this period, 333 (13%) had an attrition event [pre-ART attrition rate = 18.9 per 100-person years of follow-up (95% CI: 17.0-21.1)].
The unadjusted and adjusted hazard ratios for demographic and clinical characteristics associated with pre-ART attrition in 2,592 patients are given in Table 3 (no violations of cox proportion assumption). Children who were underweight, or had severe anaemia, or those in WHO stage 3 or 4, or had severe immunological deficiency had higher hazards of pre-ART loss to follow-up when compared to children who were enrolled with relatively normal values for these characteristics. History of TB was associated with lower hazard of pre-ART attrition. The pre-ART 'hazard function' derived from the Cox proportional hazards regressions is shown in Figure 2 . It indicates that the hazard function for attrition is highest during the initial few days of enrolment and decreases by about 1,000 days (2.7 years) and peaks again at around 1,300 days (3.56 years) to decrease latter on.
Attrition during ART period
Of those who were not classified as pre-ART attrition (n = 2,260 patients), 2,186 (75%) were initiated on ART at IHC. Therefore, the total patients that received ART at IHC were 2,330 (144 patients who were already on ART plus 2,186 patients who were initiated on ART at IHC) ( Figure 1 The unadjusted and adjusted hazard ratios for demographic and clinical characteristics associated with attrition during ART period among 2,330 patients is given in Table 4 (no violations of cox proportion assumption). Females had relatively low hazard rate of attrition when compared to males. Underweight children, those who had moderate to severe anaemia, those on WHO stage 3 or stage 4, and those who had TB had higher hazard rates when compared to children who had normal/absent value for these clinical characteristics. The 'hazard function' derived from the Cox proportional hazards regressions for the ART period is shown in Figure 3 , The smoothened 'hazard function' for attrition during ART period in a cohort of HIV positive children (aged 18 months to < 15 years) enrolled under Integrated HIV Care Program, Myanmar between Jan 2005 and June 2016. It indicates that the hazard function for attrition during ART period was highest during the initial few days of enrolment and decreases by about 1,000 days (2.7 years), remains low till about 1800 days (4.9 years) and increases again at around 2,500 days (6.8 years).
Cumulative hazard and retention rates
The cumulative pre-ART and ART hazard rates of this cohort at various time periods is shown in Figures 4 and 5 (1, 3, 6, 12, 24, 36 and 60 months) is given in Table 5 . The 36-month retention rates on pre-ART was 75% (95% CI: 72-78) and ART care 87% (95% CI: 86-88).
Discussion
This is one of the first study from Myanmar describing the experiences of children on ART care over a large time period of about 12 years. This study shows that approximately one in four children on pre-ART care and one in eight children on ART care had either died or lost to follow-up at 36 months. The retention rates during ART (~87%) were higher when compared to studies from other countries in Africa and Asia where the 36-month retention rates were 66 and 74%, respectively [9] indicating relatively better organisation and/or delivery of services under the IHC programme.
The major strengths of the study are: (a) a large cohort of nearly 3,000 children (~26% of the HIV positive children on ART care in Myanmar) with long time-frame/follow-up period. This has allowed us to measure cumulative attrition rates for various time intervals and also assess hazard function experienced by this cohort both for the short term and long-term; (b) we have used routine programme data, with relatively robust recording and reporting system and have included all eligible children without any exclusion. Therefore, our study findings likely reflect what has happened at the field level.
The major limitations of our study: First, the clinical variables (haemoglobin, CD4 cell count, WHO staging, nutritional status) had missing data which was not 'at random', but was strongly associated with attrition (i.e. children with attrition had higher missing data) and also with the clinical factors. Therefore, excluding children with missing data would have introduced selection bias and also reduced the effective sample size. In order to address this, we created a separate category to indicate missing value for each variable, and included children with missing data in our analysis. This prevented us from introducing selection bias. However, we feel that creating a separate category for missing data may have diluted the associations between clinical characteristics and attritions seen in our study (if the associations are indeed truly present in the study population). Second, we used 'at enrolment' values of the demographic and clinical characteristics. These values may have changed subsequently for several reasons (for e.g. initiation/non-initiation of ART) prior to the outcome and we have not accounted for this in our analysis. Therefore, our study reflects 'hazard rates/ratios for attrition' at 'enrolment' for the various demographic and clinical characteristics. Therefore, the programme managers/clinicians must be cautious in applying these hazard rates/ratios if values other than that 'at enrolment' are being used. Third, in our setting, other than the demographic and clinical characteristics included in our study, the presence or absence of care giver and their educational status, socio-economic status of the child's family is known to be associated with higher attrition. Unfortunately, these variables were not captured in our database and therefore we were unable to measure the independent effects of these factors in our study. The magnitude of the association between demographic and clinical factors and attrition seen in our study could be an overestimate or an underestimate depending upon how strongly these unmeasured factors are associated with the measured demographic and clinical characteristics.
Despite these limitations, the study findings have the following implications.
First, the hazard rates for attrition was highest in the initial time periods (especially in the first few days/ months) indicating that perhaps children are coming late into the IHC programme or that the initial counselling/care offered is inadequate. To address this, the national AIDS Program and other services providers need to find children living with HIV who did not yet know their status or who cannot access ART services and strengthen the structure of the initial period counselling with the involvement of the peer network. Currently, in Myanmar, an estimated 2000 children are not reaching ART services indicating the need of urgent action to reach the global 90-90-90 targets for diagnosis, ART enrolment and ART retention at the end of 2020 [24] . The reasons for secondary increase in attrition rates at~1500 days (at about 4 years) in the pre-ART period and~2500 days (at about 7 years) during the ART period is unknown. We are unable to speculate any reasons for it at this point in time. This is an area for future research. Second, of the 651 children who experienced pre-ART or ART attrition, 380 children were 'lost to follow-up' suggesting that the loss to follow-up tracing system has to be improved. Anecdotal evidence indicates that children lost to follow-up may have actually died and studies from Africa showed that about or more than half of the patients recorded as lost to follow-up were actually died. Therefore, they may have been benefited if they were traced as soon as they missed the clinic appointment and brought back to the program [25] . Hence, the IHC programme needs to improve the existing lost to follow-up tracing system for children both in pre-ART and ART care preferably on the first day of missing to IHC clinic appointed date.
Third, within different age and sex groups, children with relatively lower baseline haemoglobin levels, immunological levels, nutrition/growth status, higher WHO clinical stages, presence of hepatitis B infection had higher hazards of attrition not only during pre-ART period but also during ART period indicating that clinical condition of the children at enrolment strongly predicts the differences in the attrition rates during both pre-ART and ART periods which is not eliminated by the care given in the IHC programme. Presence of TB was associated with lower hazards of pre-ART attrition and higher hazards of attrition during the ART time period, indicating that children with TB are prioritised for ART initiation (which is in accordance to the existing guidelines) but the subsequent care had not reduced relative differences in the attrition rates between those who had TB and those who did not. These indicate that there is a need to revisit the clinical care strategies provided to children with relatively poorer clinical profiles at enrolment so that these disparities in attrition rates that are seen not only at enrolment, but also during the entire follow-up period can be reduced/minimised. Last, Myanmar's National AIDS programme has recently (in 2017) adopted the 'test and treat' policy to provide immediate ART therapy to all HIV positive persons (including children) and this should prevent pre-ART attrition and clinical/immunological deterioration of children on ART care and prolong the survival [26] . The effects of introducing this policy can be studied in due course and our study can provide baseline values for future comparisons.
In conclusion, this study showed that the children enrolled into the IHC programme in Myanmar experienced relatively high attrition during pre-ART period and lower attrition during ART periods. The attrition rates were highest during the initial few months of enrolment/initiation of ART and children with poorer clinical/ nutritional profiles at enrolment had higher attrition rates and this continued throughout the follow-up period. Improvements in tracing lost-to follow-up children and improving the clinical management of children with poorer clinical profiles, poorer nutritional status at enrolment is likely to reduce the attrition rates.
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Paper context
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